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Background: Previous investigations indicate that engine room personnel on ships are exposed to
polycyclic aromatic hydrocarbons (PAH) from oil and oil products, with dermal uptake as the major route
of exposure. Several PAH are known carcinogens and mutagens.

Aims: To investigate the urinary excretion of a marker for oxidative DNA damage, 8-hydroxydeoxy-
guanosine (BOHAG), in engine room personnel, and to study the association between 80OHdG and 1-
hydroxypyrene (1OHP), a biological marker for PAH exposure.

Methods: Urine samples were collected from engine room personnel (n=36) on 10 Swedish and
Norwegian ships and from unexposed controls (n = 34) with similar age and smoking habits. The exposure
to oils, engine exhaust, and tobacco smoke 24 hours prior to sampling was estimated from questionnaires.
The urinary samples were frozen for later analyses of 8OHdG and TOHP by high performance liquid
chromatography.

Results: Excretion in urine of 80OHdG (adjusted to density 1.022) was similar for controls (mean
18.0 nmol/l, n=33), and for those who had been in the engine room without skin contact with oils (mean
18.7 nmol/l, n=15). Engine room personnel who reported skin contact with oil had increased excretion of
80OHdG (mean 23.2 nmol/l, n=19). The difference between this group and the unexposed controls was
significant. The urinary levels of In TOHP and In 8OHJG were significantly correlated, and the association
was still highly significant when the effects of smoking and age were accounted for in a multiple regression
analysis.

Conc>iusion: Results indicate that exposure to PAH or possibly other compounds from skin contact with oils

on ships have an increased mortality from cancer of the

lung and urinary bladder."* The increased risks could
not entirely be explained by tobacco smoking. Exposure to
asbestos is probably the main cause of the increased risk of
lung cancer, but polycyclic aromatic hydrocarbons (PAH) and
nitroarenes could also be causal factors. Polyaromatic
hydrocarbons constitute a large group of chemical substances
found in, for example, diesel exhaust, soot, and some heavy
fuel oils. Lubricating oils in engines are often contaminated
with PAH from combustion products.

Several polycyclic aromatic hydrocarbons can cause cancer,
especially of the lung, skin, and possibly urinary bladder.”
Exposure can occur by inhalation but also through dermal
uptake.® The pyrene metabolite 10HP in urine can be used as
a biological marker for exposure to PAH.”"

The metabolism of PAH, for example, benzo[a]pyrene, is
complex and DNA damage may occur from, for example,
quinone metabolites, both by covalent binding of the
metabolite to DNA and by generation of reactive oxygen
species from one electron redox cycling which may cause
oxidative damage to DNA."”™"

8-Hydroxydeoxyguanosine (80HdG) in urine is a biological
marker of oxidative stress on DNA.'*"® There is evidence that
oxidative stress can be involved in carcinogenesis.'” "

We have previously reported an increased excretion of
10HP in urine among engine room personnel on 10 Swedish
and Norwegian ships where the main exposure route seems
to be through dermal uptake from lubricant and heavy fuel
oils on skin.”® In that study duplicate samples of urine from

S everal studies have shown that engine room personnel

www.occenvmed.com

in engine rooms may cause oxidative DNA damage.

exposed subjects and unexposed controls were frozen and
stored. We subsequently analysed the samples for 8OHdG in
order to study whether exposure to PAH or other compounds
in the oils were associated with genotoxic effects from free
radical oxygen species. The results of the extended analyses
are reported in this paper.

METHODS

Urinary samples were collected from seamen on five Swedish
and five Norwegian ships in this cross sectional study. Five
were passenger ships, two were roll on-roll off ships, two
product tankers, and one a container ship. The ships were
built between 1956 and 1993 and the sizes range from 5000
to 50 000 dead weight tonnes. Four of the ships were of an
older type with an engine room without a separate control
room. All the engine room personnel on the ships were
invited to participate (n=51). Seamen employed on the
same ships with similar age and smoking habits as the
exposed group were selected as controls (n =47).

The exposure classification was based on self reported
exposure to oils on the skin and probable inhalation of oil
mist and engine exhaust during work in the engine rooms.
Questionnaires were used to obtain data on age, occupation,
and exposure to possible sources of PAH the past 24 hours,
use of personal protection equipment, and smoking habits.
No medical examinations were performed in this study. The

Abbreviations: DNA, deoxyribonucleic acid; In, natural logarithm
(base =e); 8OHAG, 8-hydroxydeoxyguanosine; 1OHP,
1-hydroxypyrene; PAH, polycyclic aromatic hydrocarbons; SE, standard
error
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Main messages

® Exposure to PAH at comparatively low levels may
cause oxidative DNA damage.

® The association between the urinary concentrations of
1-hydroxypyrene and 8-hydroxydeoxyguanosine indi-
cate that tﬁe genotoxic eﬁlect is partly due to PAH or
factors associated with PAH exposure.

® It is possible that exposure to PAH from skin contact
with oils may contribute to the increased incidence of
cancer reported among engine room personnel.

exposure of the crew to PAH was categorised according to
their answers on the questionnaire. The categories were
unexposed controls, meaning no known exposure to PAH in
the past 24 hours; exposed degree I (engine room person-
nel—no oil on skin), meaning that they had been working
inside the engine room the past 24 hours but had not
experienced any contamination of the skin with oil during
this period; and exposed degree II (engine room personnel—
oil on skin), meaning that they had been working in the
engine room during the past 24 hours and had experienced
contamination of the skin with oil during this period.

We asked about exposure during the 24 hours before the
urine sample was taken since most studies have reported an
individual half life of 10HP in the range 4-35 hours." > *!
The kinetics of 80OHAG are not well known, but a study in
workers exposed to benzene and oils indicated that there is a
peak excretion within 24 hours after exposure.”

Established and standardised methods were used for the
sampling and analyses of 10HP and 80HdG. A urine
specimen of 50 ml was obtained from each subject.
Aliquots of the samples (2x10 ml) were stored frozen at
—20°C until laboratory analysis of the urine. Bach sample was
coded and analysed without knowledge of exposure status.
The urine samples were analysed for 10HP by the method
described by Jongeneelen and colleagues.”® ** The coefficient
of variation for the analyses of 10HP is 15% for a 25 nM
standard, day to day. Urinary 80HdG in urine samples was
analysed by coupled column high performance liquid
chromatography with electrochemical detection as described
previously.** Previous studies have shown that the coefficient
of variation for 8OHAG is 5-7% for duplicate samples and 8-
23% between series.”” 8OHAG is reported to be stable in urine
stored at —20°C for at least one year.*

The urinary concentrations of 10HP and 80HAG were
adjusted to a standardised density of 1.022, in order to
compensate for differences in urinary flow rate. Most
previous studies have used urinary concentration of creati-
nine to normalise for dilution, but it is known that the
urinary excretion of creatinine shows considerable inter- and
intra-individual variability and is influenced by, for example,
urinary flow, protein intake, muscle mass, and severe
muscular activity; serious doubts have been expressed as to
the validity of creatinine for normalisation purposes.”” If
normalisation with respect to body mass, for example, is
desired, it offers some advantages, but if the exposure dose is
most important, it has serious drawbacks. The engine room
personnel in our study had significantly higher concentra-
tions of creatinine in their urine (mean 15.5 mmol/l) than
the controls (mean 12.1 mmol/l). This could lead to false
correlations in the analyses even if the excreted amounts of
the biomarkers are the same among the exposed and
controls. Urine density was, however, similar (1.023 and
1.021 respectively) and we chose this method to adjust for
dilution. Density adjustments have been used in several

Policy implications

o Skin contact with oils containing PAH is a possible risk
factor for cancer that should be considered.

o The uptake of PAH from oils could probably be
reduced by using appropriate ﬁ)rotection and by
reducing the PAH content of the oils.

recent publications.” ** Adjustment for density is considered
only to be reliable in the range 1.010-1.035.** We excluded
urinary samples with density values outside this range from
the analyses.

Data were analysed with the SPSS statistical software
package. The data were log transformed prior to the ¢ tests
since they had an approximate log normal distribution
(according to P-P plots). Multiple regression analyses were
also performed on log transformed data.

RESULTS

The exposed group consisted originally of 51 men employed
in the engine rooms and the control group of 47 men
employed in other positions on the same ships. We could not
obtain enough urine to analyse both 10HP (1OHP) and
80HAG (80HAG) from 14 of the exposed subjects and from
12 controls. One urine sample from the exposed group was
not analysed for 8OHdG due to technical failure. Two urine
samples in the exposed group and one in the control group
were excluded due to low density (<1.010). Thus, 34 exposed
men and 33 controls were included in the study. Nineteen of
the exposed subjects reported skin contact with oils in the 24
hours prior to taking the urinary sample.

The mean age was somewhat higher in the control group
than in the exposed groups, and engine room personnel with
no skin contact with oils had a higher percentage of smokers
than the other groups (table 1).

Protective gloves or facemasks were not used. A previous
exposure study of PAH in the engine rooms showed no
detectable levels of the 16 analysed PAH in 19 air samples;
dermal uptake of oils was considered to be the major route of
exposure.*

The mean urinary concentrations of 10HP in non-smokers
were low among unexposed controls and engine room
personnel with no oil contamination of the skin during 24
hours prior to taking the urinary sample (table 2). Smokers
had generally higher mean urinary concentrations of 10HP
than non-smokers, except in the group reporting oil
contamination of their skin. The number of subjects in this
group was, however, low (n = 6) as well as the non-smoking
engine room personnel reporting no oil on skin, resulting in
rather wide confidence intervals. Subjects who reported oil
contamination of the skin the 24 hours prior to collecting the
urinary sample had a higher mean concentration of 10HP in
their urine than the unexposed controls (p < 0.001, ¢ test of
log transformed data).

Multiple linear regression analysis showed a clear associa-
tion between In 10HP and exposure group (unstandardised
regression coefficient 0.62, SE 0.15; standardised regression
coefficient 0.45; p < 0.0004) and smoking category (unstan-
dardised regression coefficient 0.18, SE 0.08; standardised
regression coefficient 0.24; p = 0.03, adjusted R? 0.25).

The excretion of 80OHdG was higher among engine room
personnel exposed to oils on their skin for the last 24 hours
compared to the unexposed controls (p=0.03, two sided ¢
test of log transformed data) (table 2).

There was a statistically significant correlation (Pearson)
between In1OHP and In 80HAG (r = 0.34, p = 0.005) (fig 1).
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Table 1 Age and smoking habits in different exposure groups
Cigarettes/day
n Age* Non-smokers  1-10 11-10 >20

Unexposed controls 33 43 (23-59) 22 (67%) 3 (9%) 5 (15%) 3 (9%)
Engine room personnel

No oil on skin 15 36 (17-52) 6 (40%) 2 (13%) 5 (34%) 2 (13%)

@l @ diiy 19 37(21-53) 13 (68%) 1(5%) 3(16%)  2(11%)
*Mean (range).

Exclusion of the two outliers with high 10HP and low
80HAG increased the correlation only marginally (r = 0.40,
p=0.001).

The effect of In 10HP on In 80HdAG when controlling for
age was highly significant (unstandardised regression coeffi-
cient 0.12, SE 0.04; standardised regression coefficient 0.33;
p = 0.006, adjusted R? 0.11). When including other exposure
variables and smoking in the model, the effect of In 10HP
was still significant (table 3). Analyses for interaction
between smoking and exposure showed non-significant
effects and the interaction term was excluded from the final
analysis. Exclusion of the two outliers increased the
coefficient for In 1I0HP somewhat (unstandardised regression
coefficient 0.15, SE 0.053; standardised regression coefficient
0.38; p = 0.007).

DISCUSSION

The urinary excretion of 8OHdG was highest among engine
room personnel whose skin had been contaminated with oil,
and the urinary levels of 8OHdG and 10HP were significantly
correlated. This indicates that exposure to PAH or factors
associated with PAH exposure may contribute to an increased
oxidative stress among engine room personnel on ships.

80HAG is not a specific marker for PAH exposure but a
general biomarker for oxidative stress on DNA and the
nucleotide pool. Its formation and elimination is complex
and dependent on many different factors such as oxygen
uptake, exposure to radiation and chemical substances,
enzyme polymorphism, and scavenger and DNA repair
activity, leading to substantial intra- and inter-individual
variations in its excretion.” ** This will generally lead to
difficulties for detection of specific effects, but may also lead
to spurious associations if there are systematic differences
between the exposed and control groups.

The associations found in this study do not necessarily
have to be causal. It is possible that agents or factors other
than PAH have contributed to the oxidative stress and
excretion of 80HAG in urine, and the observed association
may have been confounded by, for example, differences in
workload or concomitant exposure to other genotoxic
compounds, such as nitroarenes, which are formed during
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Figure 1 Scatterplot of urinary 80OHJG v urinary TOHP (nmol/I,
adjusted to 1.022 density).

combustion and may have contaminated the lubricant oil.
Nitroarenes have been reported to increase the formation of
80HAG.” The results of the analyses indicate, however, that
PAH or factors associated with PAH exposure may be of
importance.

The reported effects of physical exercise and body mass
index on 80HAG in urine often seem contradictory. Mild

80HdG in different exposure groups

Table 2  Urinary concentrations (nmol/I, adjusted to density 1.022) of 1OHP and

10HP (95% CI)

80OHdG (95%Cl)

Unexposed controls 33
Non-smokers 22
Smokers 11

Engine room personnel
No oil on skin 15

Non-smokers 6
Smokers 9
Qil on skin 19
Non-smokers 13
Smokers 6

1.40 (0.94 to 1.84)
1.38 (0.72 to 2.04)
1.45 (0.89 to 2.01)

2.84 (1.52 to 4.14)
1.18 (0.23 to 2.13)
3.94 (2.09 to 5.79)
5.25(3.10 to 7.39)
5.44 (2.31 fo 8.58)
4.82 (2.16 1o 7.48)

18.0 (15.2 o 20.7)
17.6 (14.1 to 21.1)
18.8 (13.4 1o 24.2)

18.7 (14.6 to 22.7)
19.5 (9.9 o 29.1)

18.2 (13.3 to 23.0)
23.2 (18.6 to 27.8)
21.8 (16.5 to 27.0)
26.3 (14.0 to 38.6)
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Table 3 Regression analysis of determinants for urine
concentration of In 80OHdG (nmol/l), adjusted to density
1.022

Unstandardised Standardised
coefficient SE  coefficient p
Ln 1-hydroxypyrene i~ 0.12 0.052 0.31 0.03
urine®
Work in engine room  —0.08 0.14 -0.09 0.57
Oil on skin 0.16 0.15 0.17 0.29
Smoking category —0.003 0.036 —0.01 0.92
Age —0.007 0.005 -0.17 0.23

*The natural logarithm of the concentration of 1-hydroxypyrene in urine
(nmol/l), adjusted to density 1.022.

physical exercise is reported to be beneficial, while extreme
physical activities could increase the levels.* We did not
observe any major difference in workload between the
exposed group and the controls. The difference in mean
creatinine concentrations between the exposed group and the
control group could possibly, at least partly, be explained by
desiccation due to the higher temperature in the engine
room.

The excretion of 1IOHP may be increased by the intake of
food rich in PAH.” * Dietary factors can probably also
influence the excretion of 80HdG. However, the engine room
personnel and the control group had the same food on the
ships. It is therefore unlikely that the diet influenced the
results to any great extent.

Tobacco smoke may influence the results of both 10HP
and 80HAG.” ***> Other studies have, however, failed to
show an effect of smoking on the urinary excretion of
80HAG.”** It is unlikely that any effect of smoking
influences our results as the exposed group and the controls
had similar smoking habits. The influence of tobacco smoke
was also accounted for in the multiple regression analyses.

Age could influence the excretion of 80HdG,* and the
association with exposure was increased when age was
included in the model in the multiple regression analysis.

It is likely that reactive oxygen species are formed during
the metabolism of PAH, such as benzo[a]pyrene."” Urinary
concentrations of I0HP and 80HAG have been analysed in a
study of potroom workers* and in a study of roofers.”” The
urinary levels of 10HP among the exposed worker in both of
these studies were considerably higher than in our study. In
the study of potroom workers, no significant correlation was
found between any of the exposure measures and 8OHAG in
urine. In the study of roofers a small, but statistically
significant increase in 80HdG was evident in end-of-week
urine samples compared with start-of-week urine samples in
roofers exposed to coal tar. The increase in urinary 8OHdG
was accompanied by a decrease in leucocyte 8OHAG/dG,
suggesting that PAH from coal tar exposure induces
increased antioxidant capacity or repair mechanisms. If this
is the case, it could be a possible explanation for the finding
that the two subjects with the highest urinary levels of 10HP
in our study had comparatively low urinary excretion of
80HAG (fig 1). Exclusion of these two subjects from the
analysis only marginally affected the results.

The urinary concentrations of 10HP (adjusted for creati-
nine) in this study of engine room personnel were lower
(0.11, 0.17, and 0.37 pmol/mol creatinine for exposure groups
0, 1, and II respectively) than the levels reported from coke
oven workers™ ' **7* and aluminium workers,*' but similar
to values for car repair workers** and boilermakers.”” The
uptake is not only dependent on the PAH content, but also on
the matrix.*

The exposure levels in our study were considerably lower
than in most previous studies reporting genotoxic effects

such as DNA single strand breakage, DNA adducts, and sister
chromatid exchanges in lymphocytes."> The levels of 8OHdG
in urine were higher in this study than in a previous study of
car repair workers, refinery workers, and gasoline pump
repairmen occupationally exposed to gasoline.*

Several compounds containing PAH and/or nitroarenes are
classified as carcinogens.”™** There are indications that
80HdAG may have a role in mutagenesis and carcinogen-
esis.'”” " Dermal exposure to PAH may contribute to an
increased risk of cancer of the skin and possibly urinary
bladder. An increased risk of lung cancer cannot be ruled out
since PAH-DNA adducts have been found in white blood cells
and the lungs after dermal application of benzo[a]pyrene, tar,
and bitumen products on the skin of mice.* *°

Since this study is the first to indicate an association
between exposure to oils in engine rooms and an increased
excretion of a biomarker of oxidative stress, the results have
to be corroborated in further studies before any firm
conclusions can be drawn.
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